Salmonella enterica subsp. enterica serovar Gallinarum biovar Gallinarum (S. Gallinarum) and biovar Pullorum (S. Pullorum) are gram-negative bacteria, members of the most important infectious pathogens, and have caused common problems in the poultry industry, especially in the developing countries. O-and H-antigen specific anti-sera are commonly for slide and tube agglutination tests to identify Salmonella serovars. However, it is both labor intensive and time consuming, so there is an urgent need for a new technique for the rapid detection of the major Salmonella serovars. In this study, we developed a 1-step PCR assay to identify the serovar Gallinarum. This PCR-based assay was based on the SPUL 2693 gene, which was located in SPI-19 and found by comparing the genomes of the S. Pullorum and S. Gallinarum in the whole data of NCBI. The specificity of this gene was evaluated by bioinformatics analysis, and the results showed that the SPUL 2693 gene exists in all serovar Gallinarum. The specificity and sensitivity of this PCR assay were evaluated in our study. The developed PCR assay was able to distinguish the serovar Gallinarum from 27 different Salmonella serovars and 5 different non-Salmonella pathogens. The minimum limit of genomic DNA of S. Pullorum for PCR detection was 2.143 pg/μL, and the minimum limit number of cells was 6 CFU. This PCR assay was also applied to analyze Salmonella strains isolated from a chicken farm in this study. The PCR assay properly identified the serovar Gallinarum from other Salmonella serovars, and the results were in agreement with the results of a traditional serotyping assay. In general, the newly developed PCR-based assay can be used to accurately judge the presence of the serovar Gallinarum and can be combined with traditional serotyping assays, especially in the case of large quantities of samples.
INTRODUCTION
To date, 2,659 Salmonella serovars (IssenhuthJeanjean et al., 2014) have been identified. All of the serovars are pathogenic, and different Salmonella serotypes have different host specificity levels (Bäumler et al., 1998) . Salmonella enterica subsp. enterica serovar Gallinarum biovar Gallinarum (S. Gallinarum) and biovar Pullorum (S. Pullorum) are important infectious pathogens in fowl. The bacterias have caused great economic and animal losses in the poul-C 2018 Poultry Science Association Inc. Received March 12, 2018. Accepted August 3, 2018. 1 Corresponding author: zmpan@yzu.edu.cn (ZP); jiao@yzu.edu.cn (XJ) try industry (Scallan et al., 2011; Scharff 2012) . S. Pullorum and S. Gallinarum have high host specificity added to adapt to the characteristics of the host (e.g., fowl) (Soria et al., 2012) . Pullorum disease and fowl typhoid are caused by S. Pullorum and S. Gallinarum, respectively. They are all septicemic diseases, primarily affecting chicken, turkeys, and pheasants (Shivaprasad, 2000) . However, pullorum disease and fowl typhoid show different pathogenesis. Fowl typhoid has an effect on birds of any age, which is most commonly observed in adult chicken. In contrast, the clinical manifestation of pullorum disease mainly occurred in 2 to 3 wk of age (Shivaprasad and Barrow, 2008) . In China, pullorum disease and fowl typhoid are members of the most important poultry diseases .
4000
Traditional Salmonella serotyping performed is based on the White-Kauffmann-Le Minor scheme by slide agglutination test with specific O (somatic) and H (flagellar) antisera (Majchrzak et al., 2014) . Although it is widely used, many short plates also exist in classical serotyping. For example, it usually takes 3 to 4 d or longer for complete serotyping of Salmonella (Uyttendaele et al., 2003) , which is labor intensive and requires the maintenance of >250 typing sera and 350 different antigens (Patrick et al., 2007) . Obviously, traditional serotype identification assays do not meet the need of modern testing. PCR has been shown as a tool with great potential for pathogen detection (Abdissa et al., 2006) . A wide range of PCR assays are available, and several studies have developed PCR assays to test their ability to detect Salmonella serotypes, the results showed that PCR assay presented high specificity and sensitivity (El-Sayed Ahmed et al., 2015; Prabagaran et al., 2017) .
We compared the genomes of the serovar Gallinarum with the bacterial genome in the whole data and found that complete SPUL 2693 gene (located in SPI-19 from 2,698,569 to 2,700,728, 2160 bp) existed in all the serovar Gallinarum. Thus, the SPUL 2693 gene of the serovar Gallinarum may provide some special features that are suitable for the isolation and identification of the serovar Gallinarum in the poultry farm.
In the present study, we designed a 1-step PCR assay for the identification of the serovar Gallinarum. The pair of primers is based on the gene SPUL 2693. The specificity and sensitivity of the PCR assay were evaluated for this assay. Moreover, the PCR assay preliminarily distinguished the serovar Gallinarum from the Salmonella isolated from in a chicken farm in Jiangsu, and the results of this PCR assay were completely identical to those from traditional serotyping. In conclusion, this assay will be useful for diagnostic labs and research applications.
MATERIALS AND ASSAYS

Bacterial Strains and Information
As summarized in Table 2 , a total of 35 Salmonella strains were selected for this assay, 3 of them were S. Pullorum, 1 of them was S. Gallinarum, and the remaining strains were other serotypes of Salmonella (S. Anatum, S. Agona, S. 
Bacterial Growth and Genomic DNA Extraction
All the Salmonella strains used in this study were grown in Luria-Bertani (Oxoid, Basingstoke, Hampshire, England) liquid at 37
• C overnight with an agitation speed of 180 rpm. Non-Salmonella strains were inoculated in suitable medium and culture conditions. We centrifuged the bacterial culture medium 1 to 5 mL, 10,000 rpm, 1 min, remove the supernatant and followup experimental steps according to the manufacturer's instructions (TIANamp Bacteria DNA Kit (TianGen, Beijing, China)) to extract bacterial genome DNA. The purity (A260/280 and A260/230) and concentration of the isolated genomic DNA were quantified using a NanoDrop ND-1000 (Thermo Scientific, Wilmington, DE). DNA was subsequently stored at -20
• C until PCR amplification.
Gene Acquisition and Primer Designs
To develop a sequence-based PCR approach for identifying the serovar Gallinarum, we analyzed the difference of the SPUL 2693 gene nucleotide sequence (GenBank accession number CP003047.1, segment 2,698,569 to 2,700,728) between the serovar Gallinarum and non-serovar Gallinarum serotypes. We searched the SPUL 2693 gene nucleotide sequence on the National Center for Biotechnology Information (NCBI) database using the basic local alignment search tool algorithm to verify sequence specificity. The parameters were set to default values. Sequence alignment results are shown in Table 1 . The PCR primers were based on the DNA sequence data of SPUL 2693, and the primers were designed and checked by Primer Premier 5.0.
PCR Procedure
The PCR amplifications were carried out in a total reaction volume of 25 μL. The PCR system contained 1 μL of genomic DNA of strain, 12.5 μL 2 × Taq Master Mix (Vazyme Biotech Co., Nanjing, China), 1 μL of 10 μM SPUL 2693 primers, and the remaining volume was made up of double-distilled water. The reaction mixture was incubated in a programmable DNA thermal cycler (Bio-Rad, Hercules, CA). The nucleotide sequences of SPUL 2693 were as follows: 5 -CGGGGTACCATGGATAAGCGTCATGAGA-3 and 5 -CCGGAATTCTCATTTCTGTCCCTCCTCAATG GCT-3 , respectively. The following optimized thermalcycling parameters were used: initial hot-start at 94
• C for 5 min followed by 25 cycles of 94
• C for 45 s, 65
• C for 30 s, and 72
• C for 2 min 16 s, followed by a final extension step of 72
• C for 10 min. The PCR products were analyzed by horizontal electrophoresis on a 1% agarose gel in a 1 × TAE buffer. The gel was stained with ethidium bromide (0.5 μg/mL) (Bio-Rad). UV transilluminator (Bio-Rad) was used to visualize the electrophoresed products.
Sensitivity of the PCR Assay
The detection limit of the PCR assays was defined as the minimum amount of the serovar Gallinarum DNA (ng/μL) that yielded positive PCR amplicons. This PCR assay sensitivity was determined by amplification of a 10-fold serial dilution of the genomic DNA of S. Pullorum strain RKS5078 from 214.3 to 2.143 fg/μL. One microliter of each dilution was used as template for the PCR. The analytical sensitivity was indicated by the presence of a visible PCR product band on the 1% agarose gel.
Overnight culture of S. Pullorum strain RKS5078 washed twice with sterile PBS, then diluted 2-fold with PBS to do the plate count assay to evaluate the CFU of each dilution. The bacterial culture was washed with PBS twice, adjusted to the final concentrations 6.24 × 10 5 CFU to 1.5 CFU, and boiled in a water bath for 10 min to release bacterial genome DNA. Finally, 1 μL of each concentration collected by centrifugation was used for this PCR assay to define the least cells of S. Pullorum strain RKS5078. The result was indicated by the presence of a visible PCR product band on the 1% agarose gel.
Application of the PCR Assay for Embryo Samples
As summarized in Table 3 , a total of 15 unknown serovars of Salmonella strains were selected for this PCR assay. These strains were isolated from dead or terminated embryos from a chicken farm in Jiangsu, China. The pre-enrichment steps were as follows: put the vitelline membrane and liver of broken dead embryo or termination of embryo into 50 mL BPW (Difco, BD, Sparks, MD), incubate whole samples at 37
• C for 16 to 18 h. Next, 100 μL of BPW suspensions was transferred into 9.9 mL subpackaged Rappaport-Vassiliadis (RV) enrichment broth (Difco, BD), which were subcultured at 42
• C for 24 h. One loopful of each RV broth culture was then streaked onto XLT-4 (Difco, BD) agar plates, which were incubated at 37
• C for 24 to 48 h. One presumptive Salmonella colony per plate was selected and biochemically confirmed using an API-20E test kit (bioMérieux, Marcy l'Etoile, France). All isolated Salmonella serotyping was performed according to the White-Kauffmann-Le Minor scheme by slide agglutination with O-and H-antigen specific sera (Tianrun Bio-Pharmaceutical, Ningbo, China). Meanwhile, we used the developed PCR assay to identify the single colony. The results obtained from PCR assay were compared with the results of the traditional serotyping to evaluate the practicability of this PCR assay.
RESULTS AND DISCUSSION
Sequence Alignment Analysis and 1 Step PCR Assay Design
PCR is a sensitive and rapid technique that overcomes tedious steps and can achieve the purpose of rapid detection (Kwang et al., 1996) . The key to establish a specific and sensitive PCR assay for detecting the serovar Gallinarum depends on whether the selected target sequence is a highly conserved specific fragment in the objective serovar. Before the PCR assay developed, we compared the genomes of the serovar Gallinarum in the NCBI whole data. The results showed that the SPUL 2693 gene was 2,160 bp and presented in all the serovar Gallinarum strains. Moreover, in the non-serovar Gallinarum strains, in addition to S. Onderstepoort, S. Java, S. Paratyphi B, and S. Chester, the other serovars of Salmonella did not have this complete gene sequence. In addition, NCBI database showed that S. Paratyphi B was a human source strain, and the PCR assay could not amplify the target band, so it had no effect on detection of the serovar Gallinarum in chicken farms. S. Chester also had no effect on detection of the serovar Gallinarum, as shown by the lack of bands in the results of our PCR of this strain ( Figure 1B) , although the remaining Salmonella Figure 1 . Specificity of this PCR assay for the detection of the serovar Gallinarum. (A-C) Single PCR assays using genomic DNA from various Salmonella strains, which were conducted using the designed primers targeting SPUL 2693. PCR amplifies a product of 2,160 bp of the serovar Gallinarum. Lane M: DL2000 DNA marker (Takara Biotechnology Co., Dalian, China), P: positive control (S. Pullorum RKS5078), N: negative control. Detailed strain information is given in Table 2 . These experiments have been repeated 3 times. strains (S. Saintpaul, Salmonella strain FORC 038, S. Wandsworth and S. Bareilly) had 47% SPUL 2693, they were still impossible to amplify a complete 2,160 bp band, so they could also be ignored. All these results mean that SPUL 2693 has good specificity and can be exploited to distinguish the serovar Gallinarum from the other serovars. This is the first report of the use of gene SPUL 2693 as the serovar Gallinarum-specific diagnostic marker. The other Salmonella identification assays based on new gene have also been reported. For example, Kong et al. (2013) developed the PCR assay based on new specific molecular targets 3,335,583 and 3,335,471 for detection of Salmonella by comparing genomic sequences among Salmonella and non-Salmonella strains that showed great specificity and sensitivity. Xu et al. (2018) developed the PCR assay for detection of S. Pullorum based on the new gene ipaJ of S. Pullorum by analyzing the whole genome sequencing results of 650 S. Pullorum strains, which could also successfully distinguish S. Pullorum.
Specificity of the SPUL 2693-Based PCR Assay for the Serovar Gallinarum Detection
In our study, the specificity of the SPUL 2693 primers was assessed using genomic DNA from 35 Salmonella strains, including 27 different serovars, and 5 different non-Salmonella strains (Table 2) . Only the serovar Gallinarum generated the specific 2,160 bp target band in lanes 1, 2, 3, and 4 (as shown in Figure 1A ), in lane 11 (as shown in Figure 1B) , and in lane 2 (as shown in Figure 1C ). In contrast, the other Salmonella serovars had no band, 10 non-Salmonella strains and blank control (water) also showed no band (as shown in Figures 1A-C and 2 ). These results show that the developed PCR has a great specificity.
The common target genes used in the detection of the serovar Gallinarum were reported as follows: flagellar biosynthesis gene flhB (Xiong et al, 2016) , fimbrial operon gene bcfD (Zhuang et al., 2014) , putative virulence-related gene ipaJ (Xu et al., 2018) , O-antigen coding gene rfbS (Ravan and Yazdanparast, 2012) , fimbrial operon gene sefA (Gong et al., 2016) , flagellar biosynthesis gene fliC (Xiong et al, 2017) , and so on. In their study, Gong et al. used the target gene-fimbrial operon gene sefA to develop a LAMP assay, which could test 85 strains of serovar S. Enteritidis and S. Gallinarum from 177 bacterial strains. Although this LAMP assay is more time saving than PCR assay, it cannot separate S. Enteritidis and the serovar Gallinarum, and need other ways to separate those strains (Gong et al., 2016) . In the PCR assay for detection of S. Pullorum based on gene ipaJ, the detection rate is up to less than 100% (99.08%), and there is a leak detection (Xu et al., 2018) . In our study, the target gene SPUL 2693-based PCR assay can 100% correctly separate the serovar Gallinarum and have no cross reaction with S. Enteritidis, which show that our study has a good specificity.
Sensitivity of the SPUL 2693-Based PCR Assay for the Serovar Gallinarum Detection
On one hand, the results of sensitivity test suggested that at least 2.143 pg/μL of genomic DNA was required for detection of S. Pullorum with this assay (as shown in Figure 3A) , which was more sensitive than the HRM-PCR assay developed by Ren et al. (2017) (126.2 to 153 ng/μL) and 25 times more sensitive than the allele-specific PCR assay based on rfbS (50 pg/μL) (Shah et al., 2005) . This demonstrates that our proposed PCR assay is more sensitive than previously reported PCR assays for detecting Salmonella.
On the other hand, the results of sensitivity test also suggested that the minimum cells of S. Pullorum that could be detected using this PCR assay were 6 CFU (as shown in Figure 3B ), the minimum cells of S. Pullorum in this PCR assay was far lower than the result of the PCR based on the gene sefA (400 CFU) (Gong et al., 2016) , multiplex PCR-based on genes tcpS, lygD, and flhB (100 CFU) (Xiong et al., 2016) , and the PCR-based on gene ipaJ (100 CFU) (Xu et al., 2018) . All these results demonstrate that our developed PCR assay has a great sensitivity.
Application of the Serovar GallinarumSpecific PCR Assay
To evaluate the effectiveness of the established PCR assay for practical natural infection detection of Figure 2 . Specificity of this PCR assay for the detection of non-Salmonella. Single PCR assays using genomic DNA from various nonSalmonella strains, which were conducted using the designed primers targeting SPUL 2693. PCR amplifies a product of 2,160 bp of the serovar Gallinarum. Lane M: DL2000 DNA marker (Takara Biotechnology Co., Dalian, China), P: positive control (S. Pullorum RKS5078), N: negative control Detailed strain information is given in Table 2 . This experiment has been repeated 3 times. Salmonella, numerous isolated Salmonella with unknown serovars from naturally contaminated samples from a chicken farm were detected by the developed PCR assay. Results showed that 4 samples (lanes 4, 7, 10, and 13) from the chicken farm contained the specific 2,160 bp target band, which suggested that these 2,160 bp positive strains were the serovar Gallinarum (as shown in Figure 4 ). The PCR results were completely consistent with the traditional serotype identification (Table 3) . Traditional detection assays Figure 4 . One-step PCR for the detection of the serovar Gallinarum from Salmonella isolates from 1 chicken farm. PCR produces a target amplicon of 2,160 bp of the serovar Gallinarum. Lane M: DL2000 DNA marker (Takara Biotechnology Co., Dalian, China). Detailed information on the Salmonella isolates is given in Table 3 . This experiment has been repeated 3 times. include non-selective and selective enrichment steps, biochemical characterization, and serological identification (Carlson and Snoeyenbos, 1974) . This process is very time consuming and energy consuming. This developed PCR could detect the serovar Gallinarum within 3 h and greatly shorten the time of serotype identification. Although a dozen of assays have been successfully established to detect Salmonella, most of these assays disable to determine Salmonella serovars. Such as LAMP assay based on InvA (Yang et al., 2013) , LAMP assay based on bcfD (Zhuang et al., 2014) , and so on. The future direction of Salmonella is required to identify major poultry Salmonella serovars which is essential in poultry production (such as S. Gallinarum and S. Pullorum). For example, Rubio et al. (2017) developed the multiplex qPCR for detecting S. Gallinarum and S. Pullorum, Batista et al., (2016) developed the duplex PCR assay for detecting S. Gallinarum and S. Pullorum, and so on. The PCR assay developed exactly meets this requirement, and provides technical support for the purification of the serovar Gallinarum in the chicken farms.
